Ph.D. Preliminary Examination Solutions
Spring 2010

Instructions:

1. Please check to ensure that you have a complete exam booklet. There are 25
numbered problems. Note that Problem 1 occupies 2 pages, Problem 2 occupies 2
pages, and Problem 18 occupies 2 pages. Including the cover sheet, you should have
29 pages. There should be no blank pages in the booklet.

2. The examination is closed book and closed notes. No reference material is allowed at
your desk. A calculator is permitted.

3. All wireless devices must be turned off for the entire duration of the exam.

4. You may work a problem directly on the problem statement (if there is room) or on
blank sheets of paper available from the exam proctor. Do not write on the back side
of any sheet. : ' :

- 5. Your examination code number MUST APPEAR ON EVERY SHEET. This
includes this cover sheet, the problem statement sheets, and any additional work
sheets you turn in. DO NOT write your name on any of these sheets. Use the
preprinted numbers whenever possible, or WRITE LEGIBLY!!!

6. Under the rules of the examination, you must choose 8 problems to be handed in for
grading. Each problem to be graded should be separated from the rest of the materials,
stapled to the associated worksheets, and placed on the top of the appropriate
envelope in the front of the exam room. DO NOT TURN IN ANY SHEETS FOR
THE OTHER 17 PROBLEMS!!

7. The examination lasts 4 hours, from 9:30 AM to 1:30 PM.

8. When you hand in the exam:

(a) “Sopatate the 8 problems o be mmded as explained above.

(b) Check to see that your Code Number is in EVERY sheet you are turning in.

() On the section at the bottom of this page, CIRCLE the problem numbers that
you are turning in for grading,

(d) Turn in this cover sheet (containing your code number) and the 8 problems to be
graded.

(e) ~ All other material is to be placed in the discard box at the front of the room.
You are not allowed to take any of the exam booklet pages from the room!
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Problem 1 (Core: CompE-ECE2030) Code Number:
SoryuTion

Otz [T WRY Conslde . éelluw\ K fbr‘
L»J\%\ ' pler ne Ecmle,ar m.‘h&n £
L Ra A k P
o i) |_ \
M ol ¢ 10
0 wi ¢ L1
0L L 10

@ = %7 |
D712 (e 0 5255 )




- Problem 2 (Core: CompE-ECE2030)

Code Number:

2. (4 pts) Consider an encryption device where a 3-bit input number is encrypted by performing
a bit by bit exclusive-OR operation with a sceret key 110 followed by s circular left shift of -
the resuit by one bit. Design and show a minimized circuit implementation of this device

using only 2 input NANID gates.
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Problem 3 (Core: CorﬁpE-ECESOSS) Code Number:

The following RISC assembly langnage program is executed on a 32-bit MIPS processor, Fill in
the register values that will be present, afier execution of this program. A summary of MIPS
instructions is included at the bottom of the page — for anyone wnfamiliar with the MIPS
instruction set. Prior to execution of fhe program. memory location 0x04000 contains
0x30552031. Nete: Ox indicates hexadecimal and all answers must be in hexadecimal, default is
decimal i the MIPS assembly language source file. A MIPS memory word or register contains
32-bits. Use XXXXXXXX for an undefined value.

1w $3, 0304000
s1i $4,83,9
sul $2, 54,53
xor $3, 54,82
lui : $5, 16
ori $5, 85, 12562
add $6, 54, 33
Ime 35, 36, LABEL1
adai $6, %0, -2031
" LABELI:  sw 56, 0x04000

After execution of the MIPS code sequence above,

RZ=0x_ CFC3045F { in hexadecimal)

R3=0x__ CFDB20CF, (i hexgdecimaf}

Re =0 00132490 ~{inhexadecimal)

R5= O\WUDOAI?I i2 { in hexadecimal)

Memory Locati(m 0x04000 contains: Ox_ CFF34B5F ( in hevadecimal}

Ths MIPS processor coutains thivty-iwe 32-bit registers, 50 through $31. 50 always contains a zero, By defaule. all
arithmetic operations use two's complement asithmefic, Assunie no branch delay slot is present.

MIPS Instruction Meaning

ADDI - Rd Rs, Immed - Bd = Rs -+ Inmediare value

ADD R4 Rs, Ri - Rd=Rs~+ Rt (R—register {8} )

ORI Rd, Bs; humed -. Rd = Rs low 16-bits bitwise logical OR Immediate value
LUl Rd. Jmmied - Rd = 16-bit Intmediate value high 16-bits, 9°s low 16-bits
BNE  Rs, Rt address - Branch to address, only if Rs net equal to Rt

Lw Rd, address - LOAD - Rd gets contents of memory at address

SRL Rd, Rs, count - Shift right logical {use 0 fill} by count bits

SUB R4. Rs Rt - Rd=Rs-Rt

W Rd, address - STORE - memory at address gets contents of Rd

XOR . R, Rg Ri - Rd = Rs bitwise logical XOR Rt




Problem 4 (Core: CompE-ECE3060) Code Number:

You are part of a design team warking on a new 3D integrated massively multi-core processor
with 2 cores. The implementation techrology is CMOS. You are investigating the design of a

faln
hardware barrier synchronization mechanism in which the global AND ( B=]]5,) of a signal

. from each processor is computed and then distributed back to each processor. Assume a design
style in which the ratio of pfet to nfet width in an inverieris y = 1 and all gates are designed so

that worst case risetime/falltime ratios correspond to that ratio for the inverter. Caleulate defay in
units of 7 (the delay of an inverter driving an identically sized inverter), and include gate

parasitic delays but neglect interconnect parasitic capacitance. Assume that the input capacitance
of a minimum size inverter is C,_and the parasitic delay of an inverler is 7 . You may wish to

solve the problem using the method of logical effort.

(a) Estimate the minimum delay required to compute B . Assume alternating k-input NAND and
NOR gates (a radix & tree}, and compare implementations with k=2 and k=4 . Also
assume that Bdnvesaloadof C,,. '

We’ll use the method of Togical effort. Then for k=2, since both NAND2 and NOR2 have
logical effort g=3/2 when y=1,and H =limplies that all of the &, =1, and thus the

effort delay through each of the 18 stages is f, = g.h, =1.5¢. Then including parasitic delay,
the total delay through each stage is d, = f + p =3.57, and since the total number of stages is
18, the total path delay is D=184, =63z .

For k=4,g=5/2, and f = gh =257 Since the parasitic delay of a NAND4 or NOR4 is
4t ,wehave 4, = f,+ p=6.57_ Aradix 4 tree implies 9 stages and D =9d, =58 57

radix 2 stage radix 4 stage
(b) Estimate the mininmum delay to distribute B back to éach PIOCESSOL.
- Assume that each of the 2" loads (one in each core) is C,, . Then the path electrical effort

H =2" and path effort F = GBH =2"® (G = B =1}, and the ideal number of stages is
N = round(log, s F)=10. Then f =2 =357 and D=Kj+P=35+10=457

V Ciuv E&M,,’ .

N stages




Problem 5 (Core: E&M-ECE3025) Code Number:

A coaxtal transmmission line is constructed from two conducting eylindrical shells,
one of radins 2 mm and the other of radius 5 mm, centered along the z-axis and
separated by a matertal withy, =40 and g, =1.0. When energized so that a
carrent flows down one cylinder and returns on the other, the magnetic field
between the cylinders is

= 7938 x 1)~ $ (Am)
o

where p is In units of meters. You may use p, =47 x107 H/m. Provide
numerical answers whenever possible.

(@)  Whatis the total cturent in Amperes on the inner conductor?
Solution:  T= #ﬁ odl= j.EZMPdﬁf’ =05 A
. Jo 5

(b} What is the surface cuirent density £, in A/m on the inner cylinder?

= - {7958 x107 23
Solation:  J, ooz = P X |p=€).€02 = ‘(_00—02—} =z3979 Aim
(¢} What is the magnetic flux density B as a function of p between the cylinders?

- — (4 “)4H7.95 By, 4 7
Solution: B = gyt i = (4xx 107 )(4¥(7.958 x 10 )@2 40x10 é
{d) | What is the total energy per unit length store-ci mthcse fields?
22 foo0s 7958 x10°Y

i A= v B e
Solunon:

_ = awpos ] =

= —(4Jr>< 107 )(4)(7 958 % 107y } —dp=(9.163x EO ) J'm
%2
{e)  What is the total inductance L per unit length of the transmission line?
s ]
Solution: W, L p=2Wa 20163 X}O ) 733107 Hin
' i r 0.5y




Problem 6 (Core: E&M-ECE3065) Code Number:

2. The elex‘tnc ﬁeld of & plane wave propagatmg in a nonmagnetac matenal is gwen by
E=[f3sin(27 x 107 t- 04w x) +%4cos(2 7 x 107 ¢ -041rx)] (V/m)

{(a) What is the direction of pmpagatmn'? I3 the medium lossy or lossless and why?.
?vo?ozfa"‘\’-"" = 1B —ax divedden, The wmedium 35 fossless

becawre thave 1S wo  oXrewwahon »ch—ﬁ-_nv' )
. {b} Calculate the wavelength and the dielectric constant €.

Krolr= Q. 2 = 2Wolg =5m
Wy = Wi = 27 x10 /O.U'ﬂ = 5 xt0™ ™sec

- C- *‘r":" C C -
S B S m e (5] 25

{c} Calculate the intrinsic impedance of the medium #.

R S 2 wvy 20w
1= -\)Tee "wle = g =T

{d} Calculate the instantaneous expreemon of magnetic field H.
g — xE-—.;?-xqu\ldst N+ 5 U (.. 3]
‘7 3 .
_ 52 sm (2540 E-otm0 = os(ni b
- Z 2 : : S 2'01,? —Oo.\MTX )
ChAilwm)

{e) Does this wave feature linear, circular or eliptical polarization and why?

\Eyl=3, 1€2]=4 = () #1E2) = wot civetes

CModuls: ‘P(%U-_—{m—'c Ex ) - ka "(,. =t (. ‘L))
3 T e of Eme b
;Cl)/_;:wct,k) — oeor
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Problem 7 (Core: EDA-ECE2040) Code Number:

Solution: ECE 2040 Prelim Problem SPRING 2010

You may assutne that all initial conditions that are needed to solve the following
circuitare equal to zero. The input voltage is a unit step function.
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A. What is the transfer function Vo /V; in the Laplace domain?
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C. What s the output function, Vo{t), as a function of time? -

R = Vo o . 4 ()
Vel .iﬁ ] Vo ()= S (sno)(sre)

. U‘E:s‘tf’ﬂ o ?a{ Hal fragiion Y PansIon 3&%’5 H

. ;4(1“;3) . ;&_+3. 1~—§w~
Vol T (ot 10)(Ste) § ' gHp St

4145 = A (s+o)(ste) v BS (sre) + Cs (s+i0)
4iks = A( 52+ los +i0) + B(S"+E3) + CLFrtos)

poA= 4 -

b we =4
_.2.‘.5 6B Y (W
L+ BAC=0 | g=-C~15

5 )
Lol H“

. L
QC‘CJAS\)‘*‘ oL = 4 -5 = 15

_%: q‘%f‘;“"%ﬁ’ 50/‘5 : _1(;635/&!

B’"*d“é"itﬁ’:' %Taﬁe:b 0 B . |
Therefore )

5
()= U8l Fho e
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Problem 8 (Core: EDA-ECE3050) Code Number:
1. In the following circuit assume that the OpAmp is ideal.
) Find the transfer function 4,65 = vaEv:5}
b} Draw the Bode plot (amplitude and phase).
¢} What is the function of this circuit? Describe an application where it can be used.
d) Find the frequency at which the voltage gain is maximized if:

Cr=C=C, Ra—row, @y= L,andQ:l —i:i
1

CRR,

&) Find the bandwidth of this cireuit (Hint: O is the quality factor).
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Problem 9 (Core: Power-ECE3070) Code Number:

From OC test, we obtain the following values referred to the low voltage side:

.
=220 o600
=22 0274
968
I, =1 —(0.227) =0.9738 A
X, = 220 _ 225.9Q
0.9738 -
From the SC test, we obtain the following values referred to the high voltage side:
R, = 602 =0.2076L
a7
15

€q

Z, =— =0.8824Q
17

X,, =/(0.8824)* - (0.2076)" = 0.8576Q

Since the turns ratio @ .= 2.0, R¢c and X,," referred to the high voltage side are (968) 2?2 =
3872 Q and (225.9)2% = 903.6 Q, respectively. The equivalent circuit with all quantities
referred to the high voltage side is:

AN —/ VYV

v, 38720 é 7903.6Q u

13




Problem 10 (Core: Power-ECE3070) Code Number:
SOLUTION ‘

L. =(230/1.732)/500 = 0.266 ohm
Equivalent impedance of the series circuitis Z. = Ry + Ry/s (X; + X;)=10.5+j1.25

Hence equivalent rotor current sl = (230/ 1.732)/(10.5 +j1.25) = 12,558 - 6.79°

‘Stator and rotor copper losses are = 31,% (0.5 + 0.25) = (3)12.558% (0.75) = 344.84 W

Core loss = 3(230/1.732)* / 500 = 106.13 W

~ Power output =3L*Ry /s = (3)12.558 (0.25/0.025) = 4462.82 W

 Efficiency = 4462.82 /( 4462.82 +344.84 +106.13) = 87.96%

14




Problem 11 (Core: Microsystems-ECE3040) Code Number:

4+ Active mode NPN: I, =qADEn (el _

15




Problem 12 (Core: Microsystems-ECE3080) Code Number:

Solution

(a) ?v'ev- | |
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Problem 13 (Core: DSP-ECE2025) Code Number:

PROBLEM SOLUTION: _
i {a} (5 pts) Suppose we have a lifear, time-invariant continuous-time system, and that the system outpuls the signal

yid) =8t =5 375 —9)

when it is given the input signal
: X () = Al — 4 2070V gy

Find the output of the system, y{r), if the input is
x3(r) = 1206 = 6)%- 20720y — 6) — a(r - 8)2 - 26 2By (s — 8)
Nore; the signal u(t) is the wnir-srep signal,

Solution: Note that x2{r) = 3x1{¢ — 2} —x1{¢ —4). By linearity and time-invariance,

yaftb = 3t D =4 =240 =732 — T — 8 — 9) - 32 Ry —9)

| {b} 5 pls} Suppose that we have a discrete-time systemt whose output yu], given an input x[n]. is specified by
' 15
yln} =4 Z x[n—k}
k=§

Consider the input x(r} = &sin{dn + 7 /7). For whut value(s) of o does yln} == 8 for all #? If there are muny such
frequencies, @, then clealy and concisely specify all of them in the fnterval 0 < & < 2.

Solution: Most of the details in this problem are rot necessary for obtaining the solution, The impulse response is a
“hoxcar™. The frequency response is thus a"digital sinc™, or Dirichlet. function.

Y iy Sin(@l/2)
Hipl®y = piol@) 277202
ey =e sin{@/2}
In tﬁe frequency response, it is onfy the locations-of the zeros of this function that are relsvant. Time shifts do no:
change the location of the zeros, so a boxear from —3 1o +5 will do as well as a boxcar from 3 to 15, The length of
the boxear is eleven, ie., [, = 11 The Dirichlet has zeros at @& = 2k /11 fork # G and k= 1,2,...,10. _
Thus the answer is: . - )
=2k /11, for k==1,254,5,6.7.8,9.10

17




Problem 14 (Core: DSP-ECE3075) Code Number:

3675 SoLuTION 3
: flz)

Let X and Ybe independent identicalfy distribated random
variabies with pdf f{z) = ¢ "u(=z}, as sketched to the right.
(The unit step is u(z) = 1 for z > ¢ and u(x) = 0 elsewhere.)
1] s
{@) The mean and variance of Z = 2X - 3Y are E(Z) =! 1 aml var(Z} = 13

The mean is E(Z) = E(2X - 3Y) = 2E(X) - 3E(Y) = 23 = -1

The variance is var{ Z) = var(2X — 3V) = 2var(X} + (=3)%var(¥) =4 + 9 = 13,

)  Find BOXF 1) = 100

But X and Yare indépendent

= this reduces to E(e® 9%} B¢, where both factors are identical;

E(9%) = J. -‘ 99 {2 ydz

—

£ o
= I PAELR LY g | e 0t7gy — 10,
D o

18




{c) The pdf for the ratio R = ‘;—{ is f(r} = 1+ u{r)

The ratio is never negative, so the cdf has a «(r ) factor in it.
For positive r, the cdf for A is:

F(r)= P(R<r)

= P(%’ <r)
= P(X < 7Y}
= Ey(P (X' = ?‘Y{Y)} {Law of Total Expectation)
= E{Fx(rY})
= E(1-e7))
1 | | d .
=l = ) =R
1
=Ty 'u(r) |




Problem 15 (Core: S& C-ECE3085) Code Number:

Solution
i) Note that hn{t) > 0, since each term is.

/0 D (D) dt = Z/ 1% sin? ¢ dt.

i=0}

These integrals diverge, hence the system is not BIBO stable.

i) Express now hy (1) in terms of harmonics.

. o O
gk, _ (¢ ed )
sin© f = e —

. '23

1 2 ; gy Bhe—i
- "1}‘” Z ( ) )
— 1;“ Z ( .2!| ) H—l CO8 r)(k _ l)f

i=0
This shows that sin® ¢ is a linear combination of 1, cos 2t, cosdt, . . ., cos 2{k — 1}, cos 2ki.
Thus sin®¥ 71 ¢ is nulled by the differential operator

N—
D(D? + 2%)(D? + 4%) . (D4 2V -1 =D 0 )

f=1

A 1Y - erp - .
Y1) 35 pulled by the differential operator

Nt AN-L
(D H(D? 5 (2 ))

Consequently, $2¥=1) gy

Note that this-operator also nulls all Eower powers (2 sin® for i = 1,..., (N — 1). Hence
these do not bring any additional factors to the differential operator. We conclude that
hx{t) satisfies the differential equation

A1 AN 1
(D H(Dw«{’) )) hy = 0.

=]

Its order is (2N - 1)%,

20



iii) The general solution to the ODE

N1 2N -1 '
(D 1—[(1)2 + (2?’)2}) 2=

25

Nt
x(t) = Py(t) + Z {Fi(t) cos 2it + Q,() sin 2it)
i=1

where the Fi(t) and ;(#) are arbitrary polynomials of degree 2(N — 1).

iv) From {iii}, we see that all periodie solutions are of the form

N—-1
2p{t) = Z (P cos 2it + (J; sin 241)

i=}

where now 7 and Q; are constants.
The minimal and maximal frequency are respectively 1/x and (¥ — 1)/x Hz.

21
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Problem 17 (Specialized: Comp Science-CS3210) Code Number:

Solution to Barrvier Problem

The reason BuggyBarcier <oes not work is as follows. The CountBarrier variable does tn fact count up
to numprocs once all threads have entered the bamier, The lasi thread entering then clears the CountBarrier
variable to zero. informing all other threads it is time to leave the harrier and eontinue the computation. This is the
correct behavior. The problen: occurs woen one or more threads exit the bamier (after observing CountBarrier
equal to zero), and then re—enters the barrier for the next eration before one of more threads from the previous barrier
have observed the CountBarrier variable decremented to zero, At (his point. CountBarr ier is non-zer. due
to the FetchAndIncrement. and the threads from the prior barrierentry believe they are stilt w.tmng_, for all thicad

W enley prev luu?l‘r

Algorithm BuggyBarrier
This Can't Possibly Work!

I int CountBarrier = 0; /* Global Variable */
void BuggyBarrier() {:

b

[FS

mycount = FetchAndIncrement(&C (}uanarrrer) /* Atomic #/
if(mycount == (numprocs - 1)) {
CountBarrier = 0; f/ All there, let others know and reset
6 . else
while{CountBarrier '= 0) spin() // Wait for others

LW 1

o |
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Problem 18 (Specialized: Software Sys- ECE3035) Code Number:

Part 1: The followiﬁg figure shows the content 61’ the stack when “main’ is ready to call
‘foo’ (suppose the stack is at 6000 when ‘foo’ is called.) Fill the content of the stack
when ‘foo’ finishes the first ‘for’ loop.

address content

6000 6 (the input parameter)

5996 1000 the return address (of ‘x=x+1")
5992 4 a[4] -

5988 3

5984 2

5980 1

5976 0 a[0]

5972 5 i

Use more rows
as necessary

Part 2: Fill the content of the stack when ‘foo’ finishes the second ‘for’ loop and is about

the return.
address content
6000 [4)
5996 996 modification of the return address
due to buffer overflow
5992 0 al4]
5988 -1
5984 -2
5980 -3
3976 -4 a[O] Use more rows
5072 6 i as necessary

Part 3: What will happen to the code?

Because 996 is the address of “jal foo”, the code will execute an infinite loop,
calling function foo again and again.
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Problem 19 (Specialized: Telecom-ECE3076) Code Number:

What are the characteristics of an Internet Autonomous System (AS).

1. It has a block of Internet Protocol (fill in the word) addresses s
2. assigned by what organization? TANA (or Internet Assigned Numbers Authority)
3. Ifit also a "domain", it must maintain two servers, of what type? DNS (or Name Servers)

4. An Antonomous System has a boundary router or routers that connect to the

worldwide Intémet using what routing protocol? BGP (or Border Gateway Protocol)

5. What routing protocol is most likely to be used internally by a contiguous AS like Georgia Tech?

OSPF (or Open Shortest Path First)

6. What causes the transit time for Internet datagréms 1o vary? Heavy Traffic causes buffers to fill

7. What causes Internet datagrams to arrive out of order? Varying delays canse forwarding paths to shift

8. Why are there no MAC address conflicts when a local area network is a mixture of wired Ethernet (IEEE
802.3) hosts and wireless WiFi (IEEE 802.11) hosts,

Addresses for Ethernet and WiFi-come from the same poo]'[uniguely 'assigned by IEEE to manufdcturers)

9. If signals travel at 2E8 m/s through 100 Mb/s fiber and wire connections, what is the minimum round
trip time, RTT, between hosts over a 4000 km path length (neglecting any delay at nodes)'?

RTT >k 466 m/ 2e8 m/s = 0 040 seconds

10. What is the maximum data transfer rate for a single TCP connection between a host in Atlanta and a
host in Chattanooga if the round trip delay is 20 milliseconds, the connection bit rate is 100 Mbps, and the
TCP window size is 24,000 bytes?

Window Limit = 8 bits/byte * 24e3 bytes / 0.020 5 =9,600,000 b/s = 9.6 Mb/s

(since 9.6 Mb/s < 100 Mb/s)
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Problem 20 (Specialized: Optics-ECE4500) Code Number:
Focused Laser Beam Spot Size
A = 4838.0nm
IY = 20mm or 5.0nm

f = 250nun or 50.0mm

Full angle of heam divergence/convergence

A
o 1
) 2tan = (D72)
tan - = %i
2 a D

- Diffraction-limited focusing of beam of diameter 1Y

ranl — iz
/(Ul:i = T = ﬂ
Equating
20 _ D
D 2f
4 Af
PP e
7 LY

Therefore clivose D' = 5.0mm and f = 25 mun.

£ = 31067 pm

27




Problem 21 (Specmhzed Optics-ECE4501) Code Number:

Geometrie Opties
. A symmetric double convex lens is circular, having 2 diameter of Sem and zero thickness
i at its edge. A point object on the axis through the center of the lens {(optic axiy) produces a real
i image on the opposiie side. Both object and image distances are 30 cm, messured from the
plane, normal to the axis. that hisects the lens, The lens refractive index is 1.520.
ay Sketch the jens together with two paths; one path being a marginal ray and the other
being an axial ray, identify each.
b} What can be said of the two optical paths (marginal ray path and axiat ray path}
between objeet and image?
¢} Determine the thickness of the lens on-axis,
d} What is the focal lengihof the lens?
e} If the point object is moved lmm above the optic axis where is the new image
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Problem 22 (Specialized: Microsystems-ECE4752) Code Number:

(a) During the predeposition, the source is on all the time, therefore, surface
: concentration is equal to the solubility.

~ Thus N,=1.2x10"

Dose during the predeposition is given by

D,
Q=2N,,/—*
_ n

= 2x1.2x102°\/

1.45x107" . 900
T

=1.42x10%em

Ay

(b) For a two step. diffusion process, effective (Dt)o=D t;4Dat;

(Dt),; = D,t, + D, ¢,
=1.45x107" - 900 +2.96x 107" - 18000
=1.31x107" +5,33x10"
=533x10" cm’
Junction depth after drive-in
_ y

e
X; = 2\/(Dt)eﬁ -ln[N—:J

T - : 18
=2 J5.33 x107° -ln(l—'lﬁ-o—J

3x10'

=277um
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Problem 23 (Specialized: Bio Eng—ECE4784) Code Number:

Draw a genera] action potential for a nerve, Include the temporal characteristics for
the sodium and potassium conductances. Include relative numbers for the potential
and time axes. Label the schematic with critical features, regions, values, etc.
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Problem 24 (Specialized: Bio Eng-ECE4782) Code Number:

The intraceflular and extraceilular concentrations and conductances for the axon of 2
newly discovered squid species at rest are given below.

A) Find the Nernst potential for Na*, K, and CI'.

B) Find the membrane resting potential.

Species Intracellular (mM)  Extracellular (mM) Conductances (mS/em®™
X . 500 10 0.415
Na 70 350 0.010
Cl 24 o 330 0.382
oY 1

f}) 'E,\;;: B

r :‘ <7 /r}. ( Sﬂf) = "“;?DL!’ff“’”/
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4 |
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e m
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V., = s LV
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Problem 25 (Specialized: Bio Eng-ECE4781) Code Number:

Draw 3 standard glectrocardiogram for a healthy human being. Label the intervals
and describe the relevant heart function for each interval. :

The resting {or filling) phase of the heart cycle is called the ___diastole .

The contractile {or pumping} phase of the heart cvcle is called the _Wsystofe .

PEN.

§ 3V laasay |,

(23 ! 16 icd

PR Oabeed O jaterced § ):
(D1t 529 v TR
o SegmenT

Cfes intw ‘mf
(OEB sec)

PRinterval - measure of the AV conduction time

QRS complex ~ activation of the ventricals

TP segment — establishes a baseline for the measurement
T wave - recovery of the ventrical cardiac cells

(T interval - total duration of the ventricular systole
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